The IR spectra of gaseous CF 3 C1 and CF 3 Br with natural isotopic abundances have been investigated in the region 1830-1900 cm -1 with a resolution of 0.01cm" 1 or better using a Q-switched spin-flip Raman laser (SFRL). Both J and K structure of the parallel band (v, + v 2 ) have been resolved partly for both isotopomers of CF 3 C1 and CF 3 Br, respectively. The analysis has been performed by the usual least squares method. Additionally the J clusters of some hot bands have been observed and analyzed.
Introduction
Recently the IR spectra of CF 3 C1 and CF 3 Br have been the subject of renewed interest. The spectrum of V| of both molecules has been recorded with a resolution of 0.0015 cm" 1 (CF 3 C1) [2] and 0.015 cm" 1 (CF 3 Br) [3] . All other fundamentals and many overtones and combination bands have been studied with a resolution of 0.04 cm -1 [4 -7] . Since the first observation of stimulated spin-flip Raman scattering, spin-flip Raman lasers (SFRL) have often been used as narrow-band IR radiation sources with good tuning characteristics and small linewidths. Using a Q-switched CO laser as a pump, SFRL works in the 5.3 pm region, the linewidth being a few hundred MHz. Since the combination band (v, -I-v 2 ) of both CF 3 C1 and CF 3 Br falls in this region (1889 and 1844 cm -1 , respectively) it seemed desirable to investigate this band with a SFRL to obtain additional information on the molecular constants of the state i'i = v 2 = 1. In this contribution we deal with the SFRL spectra of (v, + v 2 ) of CF 3 C1 and CF 3 Br with natural isotopic abundances and the rovibrational analysis of this combination band and some of its hot bands.
SFRL Characteristics
The spin transitions in a simple parabolic band of a semiconductor lead in a magnetic field B to a Raman (Stokes) emission frequency of [9] VR = V p --J-g* ^B ,
(1) h where v P is the pump frequency, g* is the effective electron gyromagnetic ratio and is the Bohr magneton. If no mode-hopping occurs, this is also the emission frequency of SFRL. Since g* is large in InSb (about -51 at ß = 0), v R is magnetically tunable with a tuning rate of the order of 2 cm -1 / kG. Due to the dependence of g* on the magnetic field and on the temperature, and due to the difficulties of measuring B with sufficient accuracy, the above equation is only accurate to within ±0.05 cm -1 . Therefore secondary standard lines have to be used for calibration.
In the spin-saturated region the linewidth increases with the magnetic field. Therefore the spectra have to be recorded at low B (0.5-5 kG) and the total spectral range has to be covered by applying different pump-laser frequencies. By choosing the pump intensity sufficient to work in the spinsaturation region and by careful alignment of the beam and the sample a resolution of about 0.01 cm 
Experimental
We used a Q-switched, low-pressure nitrogencooled CO laser as pump, different laser lines of which could be chosen by an intracavity grating. The pump radiation was focussed onto an InSb crystal which was immersed in pumped liquid helium and held between the poles of an electromagnet. The dimensions of this crystal were 3 x 3 x 10 mm 3 and its end faces had been dielectrically coated with an antireflection layer. The Raman radiation was separated from the pump beam by a low-resolution grating monochromator. After passing the monochromator the SFRL beam was split into two parts by a CdTe beam splitter. One of the beams was focussed onto a reference detector while the other passed the 6 m absorption cell before detection. The ratio of the two signals was then recorded as a function of B. The range of operation of our SFRL was 1820-1900 cm" 1 . The cell was filled either with sample gas (5-20 mbar) or with mixtures of sample gas (5-10 mbar) and the calibration gas (5-15 mbar). For this purpose we used N 2 0 [10] and NO [11] . The spectra were calibrated using a least squares fit. The absolute accuracy of our CF 3 Cl/CF 3 Br lines is ± 0.003 cm -1 or better. The bands were analyzed employing the usual polynomial method for those bands which showed clustered or masked K structure taking
Spectra and Their Analysis
where M = J + 1, -J for AJ = + 1, -1, respectively, and
If the K structure was resolved, we analyzed the band by a least squares fit in which the ground state constants were held fixed and the upper state parameters were refined. The upper state energy [12] . c [15] . d [13] .
was taken as
The transition (v, + v 2 ) is accompanied by hot bands. The intensities of the major components relative to the cold band are expected to be as follows:
The combination (v, + v 2 ) of (35) and (37) is located near 1889 cm -1 and shows for both isotopomers a well defined P, Q, R structure. A part of the spectrum of the P branch region is reproduced in Figure 1 . The K structure is clearly discernible for (35) and to a less extent also for (37). The assignment was begun for (35) with a stepwise procedure. First the line positions were calculated for the K=3n lines using molecular constants from the literature ( Table 2, [2] . c [4, 5] . Table 2 . Lists of observed and calculated transition frequencies and correlation matrices of free parameters have been deposited as supplementary material [17] .
The assignment of the lines of (37) was facilitated by the analogy with the spectrum of (35) but rendered more difficult by the lower abundance of (37). Many lines of (37) are masked by stronger features of the the other isotopomer. Thus it was only possible to detect and assign 440 Q P, R^ (/) M. K. Haj-Abdallah et al.
• SFRL Spectra lines (6 ^ K 33; 7 / ^ 79), K being mostly a multiple of 3 [17] . The term (D' K -D'£) of (37) was poorly defined by our data since only few transitions with K > 24 were measured. Therefore we assumed the ratio D' K /D'K to be the same for the two isotopomers. (D'J -D'j) was constrained to zero as above. The results of our final fit are reproduced in Table 2 .
(v, + v 2 + v x ) -v x of CF 3 CI
Recently the hot band (v, + v 2 + v 6 ) -v 6 of pure (35) has been analyzed [4] . Using these results and the anharmonicity constants given in that paper we have identified sets of transitions belonging to (v, + v, + n v 6 ) -n v 6 (n = 1, 2) of (35). All these lines have to be assigned as the most intense transitions, i.e. as hypothetical lines Q P, R K (J) with K = 6 [17] .
No individual lines could be definitely observed. Therefore only polynomial fits were performed, the results of which are set out in Tables 4 and 5 
(v, + v 2 ) of CF,Br
The P, Q, R structure of this band located at 1844 cm -1 is well discernible. The identification of the lines is more difficult than in CF 3 C1 for two reasons: Table 3 [3] , c [8] . d [6] . e [7] , f Band contour simulation. 8 Polynomial fit. h Calculated from polynomial coefficients A assuming K = 3.
1 Edge of the Q branch. [4, 5] . C [3] , D [6] , e [7] , f Edge of the Q branch. The assignment was made in a manner similar to that described above. Starting from values predicted from known parameters (Tables 3, 4) we were able to assign the J clusters of both isotopomers. A band contour simulation indicated that the maxima of these J clusters correspond to K = 4. In the final fit these peaks were therefore included as Q P, R 4 (/)
lines and were given a lower weight. The higher K components are not very pronounced in the spectrum and were mostly masked by features of the other isotopomer, especially in the R branch. Finally 118 Q P. R* (J) lines of (79) (4 si K si 18; 9 si J si 79) and 114 Q P, R* (/) lines of (81) (4^*^18; 12 ^ J ^ 73) were assigned unambigously, K being mostly 4 [17] , Due to these low K values neither Table 3 .
Using the data of [7] and of Table 3 , groups of peaks belonging to (vj + v 2 + n v 6 ) -n v 6 («=1.2) and (vj + v 2 + v 3 ) -v 3 were found for both isotopomers. All these peaks are the unresolved maxima of J clusters, of Q P, R^ (J) lines with K approximately equal to 4 [17] , No higher K components and no lines belonging to other hot bands were identified with certainty. The results of the polynomial fit are collected in Tables 4 and 5 in which the corresponding coefficients of (v, + v 2 ), v, and v 2 are given for comparison.
Discussion
The present study provides experimental data concerning (v, + v 2 ) and some of its hot bands for (35), (37), (79) and (81). For the first time the K structure of this combination was at least partially resolved yielding molecular constants of higher quality than hitherto known for the t' 1 =t' 2 =l states of CF 3 C1 and CF 3 Br. Our results are collected in Tables 2 to 6 . It is evident that the parameters for (35)/(37) and (79)/(81) show internal consistency and are in good agreement with literature values with the exception of .x, 3 + .\-23 of (79) and (81). The constants D'J and D' JK evaluated in this study are close to the corresponding ground state values. Contrary to this consistency, D' K of (35) differs by about 30% from D^. At the moment we cannot offer an explanation for this observation but suggest that it reflects the influence of an undetected global resonance. In contrast to v, of (35) and (37) [2] , the combination band shows no local perturbation. The additivity of the i A,B , according to the equation
is not fulfilled exactly, as has been found previously [4, 5, 7] . Spectra of pure isotopomers would yield data of better quality.
